Parkinson's disease (PD) is a common and debilitating neurodegenerative disorder that needs long-term levodopa administration and can result in progressive deterioration of body functions, daily activities and participation. The objective of this meta-analysis evaluates the clinical efficacy and safety of Chinese herbal medicine (CHM) as an adjunct therapy for PD patients. Methodological issues include a systematic literature search between 1950 and April 2011 to identify randomized trials involving CHM adjuvant therapy versus western conventional treatment. The outcome measures assessed were the reduction in scores of Unified Parkinson's Disease Rating Scale (UPDRS) and adverse effects. 19 trials involving 1371 participants were included in the meta-analysis. As compared to western conventional treatment, CHM adjuvant therapy resulted in greater improvement in UPDRS I, II, III, IV scores, and UPDRS I-IV total scores (P < 0.001). Adverse effects were reported in 9 studies. The side effects in CHM adjuvant therapy group were generally less than or lighter than the conventional treatment group. In conclusion, CHM adjuvant therapy may potentially alleviate symptoms of PD and generally appeared to be safe and well tolerated by PD patients. However, welldesigned, randomized, placebo-controlled clinical trials are still needed due to the generally low methodological quality of the included studies.
Introduction
Parkinson's disease (PD) is a common, chronic, and progressive neurodegenerative disorder resulting from the death of the dopamine containing cells in substantia nigra and can cause significant disability and decreased quality of life [1] . However, no treatment till now has been shown to be neuroprotective in PD, which can slow down or even halt the progression of the disease [2] . Owing to the absence of disease-modifying therapies, dopamine replacement therapy is still the most effective symptomatic treatment of PD, but this mainstay of pharmacological treatment is eventually complicated by highly disabling fluctuations and dyskinesias [3] . The PD patients continue to experience progressive deterioration of body functions, daily activities, and participation. Thus, near two-thirds of PD patients worldwide resort to various kinds of complementary or alternative medicine, which may possibly influence the motor and/or nonmotor symptoms of PD, and/or the effectiveness of dopaminergic therapy, to alleviate the progressive functional disabilities caused by the disease [4] .
In Mainland China, the prevalence of PD for those aged 65 years or older was 1.7%, which suggested a similar prevalence with the developed countries [5] . However, China faces the largest number of patients with PD because it has one-fifth of the world's population (1.34 billion in 2011). Therefore, the burden of PD prevention and treatment in China is much higher than that in the developed countries. Fortunately, there is one important characteristic of China's national medical system, that is, traditional Chinese medicine (TCM) and western medicine complement and cooperate with each other, being responsible for the health care of Chinese people together [6] . TCM has played an important role in the medical care of PD patients for thousands of years in China [7] . In modern time, TCM therapy is still widely used for PD treatment, and the application covers about three-fourths of the areas in China [6] . In the past decades, several compressive and systematic 2 Evidence-Based Complementary and Alternative Medicine reviews have focused on TCM for PD treatment [8] [9] [10] . However, there is still a lack of reliable scientific evidences for the application of TCM therapy on PD. Recently, some high-quality trials have been published in China [6] , and it is timely to reevaluate the existence of evidences. The objective of this meta-analysis therefore is to assess clinical efficacy and safety of Chinese herbal medicine (CHM) as an adjunct therapy of patients suffering from PD.
Methods
This meta-analysis is conducted according to the preferred reporting items for systematic reviews and meta-analysis: The PRISMA Statement [11] .
Eligibility
Criteria. Participants were of any age or sex with idiopathic PD diagnosed according to the UK Brain Bank criteria [12] or Chinese National Diagnosis Standard (CNDS) for PD in 1984 [13] or CNDS updated version in 2006 for PD [14] . The CNDS for PD in 1984 [13] is mainly based on clinical observations: (1) to have at least two of the four typical symptoms and signs (bradykinesia, rest tremor, rigidity, and postural reflex disturbance); (2) whether there is atypical symptoms or signs that does not support the diagnosis of idiopathic Parkinson's disease, such as pyramidal signs, apraxia of gait disorders, cerebellar symptoms, intentional tremor, gaze palsy, severe autonomic dysfunction, obvious dementia associated with mild extrapyramidal symptoms; (3) decrease of homovanillic acid in cerebrospinal fluid is helpful for the definite diagnosis of early Parkinson's disease, and for the differential diagnosis of idiopathic tremor, druginduced parkinsonism, and Parkinson's disease. The CNDS updated version in 2006 for PD [14] was definitions of comparable with the UK Brain Bank criteria [12] .
Interventions were any form of CHMs in any dose as adjunct therapy for PD. The patients at the trial groups were given CHM therapy in addition to western conventional medication (WCM).
The outcome measures included the evaluation with Unified Parkinson's Disease Rating Scale (UPDRS) [15] , and the adverse events at the end of the treatment course lasting for at least 12 weeks (3 months). The UPDRS has long been used as the major rating scale that is used for assessing severity of symptoms of PD. The UPDRS scale consists of the following four segments: Part I (mentation, behavior, and mood) addresses mental dysfunction and mood; Part II (activities of daily living, ADL) assesses motor disability; Part III (motor section) evaluates motor impairment; Part IV (complications) assesses treatment related motor and nonmotor complications.
Only randomized controlled trials (RCTs) were included in the study, regardless of blinding, publication status or language. Quasi-RCTs were not considered such as using the admission sequence for treatment allocation. 
Search

Study Selection and Data Extraction.
Two review authors (WY, XCL) independently scanned the titles and abstracts to select potential references. Full articles for all potentially relevant trials were retrieved. The two review authors then independently read the selected papers and made a final selection decision. All disagreements were resolved by discussion or by involving a third party author (ZGQ).
A standardized data extraction form was used to extract data, including patients, methods, interventions, and outcomes. The reasons for the exclusion of studies were recorded accordingly. For eligible studies, two review authors (WY, XCL) extracted the data independently. Disagreements were resolved through consultation with a third party author (ZGQ).
Risk of Bias in Individual Studies
. Two review authors (WY, XCL) independently assessed the risk of bias of included studies, using the twelve criteria recommended by the Cochrane Back Review Group [16] . The items were scored with "yes (+)," "no (−)," or "unsure (?)." Studies were categorized as having a "low risk of bias" when at least six of the 12 criteria were met. We resolved any disagreement through discussion or consultation with a third party author (ZGQ).
Data Synthesis and Analysis.
We analyzed the data using Review Manager (version 5.0). A fixed-effects model or random-effects model was used to investigate the effect of CHMs on PD across the trials, and weighted mean difference was calculated. Heterogeneity between trial results was tested using a standard chi-square test and we also calculated the I 2 statistic. Funnel plot analysis is used to detect Publication Bias. The two-tailed P values less than 0.05 were considered statistically significant.
Results
Description of Studies.
We identified 1223 potentially relevant articles. After screening titles and abstracts, 1156 were excluded because they were studies with nonclinical trials, case reports, lack of comparison group, or efficacy of CHM not being the objective of study. We conducted full-text evaluation on the remaining 67 articles, and 48 more articles were excluded for not meeting our inclusion criteria: 2 articles used expert-made diagnosis standard for PD; 9 articles reported a treatment course of less than 12 weeks; 18 articles used homemade rating systems or the Webster rating scale, not UPDRS; 2 articles did not study CHM; 5 articles evaluated CHMs paratherapy by comparing combination treatment of CHM and WCM, or another CHM; 6 studies were not real RCTs; 6 studies were suspected of being published more than once by the authors or publishers. Finally, 19 trials were included in this analysis [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . The screening process is summarized in a flow diagram (Figure 1 ).
Characteristics of Included Studies.
A total of 1371 participants were included in the 19 studies. All of the trials were conducted in China. 2 articles published in English [27, 35] and 17 articles in Chinese from 2003 to 2011. 16 studies were single-center trials, while the remaining 3 were multicenter trials [26, 28, 29] . There were 825 male and 546 female participants ranging from 35 to 81 years old. 12 studies applied the CNDS (1984 version) for PD; the other 7 studies used CNDS (updated version in 2006) [30, 31, 34] or UK Brain Bank diagnostic criteria [27, 28, 33, 35] for PD. The disease duration ranged from 6 months to 21 years. Except 7 trials [18, 19, 23, 24, [30] [31] [32] [26] [27] [28] 35] . The course of treatment in all included trials lasted at least 12 weeks (3 months). The details of the characteristics of included studies are listed in Table 1 .
Risk of Bias in Included
Studies. The twelve criteria recommended by the Cochrane Back Review Group were used to assess the risk of bias [16] . The number of criteria met varied from 2/12 to 11/12 (see Table 2 ). All the included studies indicated randomization, but only 8 trials reported the method of generating random sequences [17, 18, 26-29, 34, 35] , and 5 trials described allocation concealment [18, 26, 28, 29, 35] . 5 trials mentioned blinding procedures to both patients and investigators [26] [27] [28] [29] 35 ], but only one trial was assessor-blind [26] . 3 trials described intention-to-treat analysis [26] [27] [28] . 2 trials reported data on dropouts [27, 28] . With exception of 1 trial [26] , selective reporting was found in almost all of the trials. Baseline similarity was described in all the studies, but 7 trials did not mention the H & Y stage [18, 19, 23, 24, [30] [31] [32] . 15 trials reported constant cointervention, whereas 4 studies were ambiguous [18, 25, 30, 31] . All of the included studies appeared to have acceptable adequate compliance and similar timing outcome assessments. In general, 14 RCTs were deemed to have an unclear risk of bias based on the Cochrane Risk of Bias tool, and the remaining 5 trials are high-quality clinical trials [26] [27] [28] [29] 35 ].
Synthesis of Results
High-Frequency Herbs Found in TCM Prescriptions for PD.
Based on our review, we documented and ranked the top 16 individual Chinese herbs for PD treatment that were used more than 3 times in the TCM prescriptions of the 19 included trials (Table 3) . For example, Prepared Rehmannia Root, White peony Alba, Szechwan Lovage Rhizome, and Tall Gastrodis Tuber are the top 4 most frequently used herbs. The main effects of these herbs include replenishing blood and tonifying Yin, calming the liver, checking endogenous wind, dispelling evil-wind, and activating blood flow. These high-frequency herbs may contribute in composing a fundamental prescription for clinical PD treatment and seems worthy of additional, indepth study.
UPDRS I Scores.
The 5 independent trials showed the homogeneity in the consistency of the trial results, chi-square = 3.69 (P = 0.45); I 2 = 0%. Thus, fixed-effects model should be used for statistical analysis. Compared to conventional treatment, CHM paratherapy significantly improved UPDRS I scores (WMD −0.33, 95% CI −0.58 to −0.08; Z = 2.60 (P < 0.001)). The difference suggested that CHM paratherapy was more effective than conventional treatment for symptoms of mentation, behavior, and mood in patients with PD (Table 4 ). The funnel plot was roughly symmetric. There would be little publication bias for the 5 independent trials (Figure 2 ). (Table 5 ). The funnel plot was symmetric. No evidence of publication bias was found (Figure 3 ). (Table 6 ). The funnel plot was markedly asymmetric. There exists a publication bias in the 12 independent trials (Figure 4 ).
UPDRS II
UPDRS III
UPDRS IV Scores.
The 7 independent studies showed homogeneity in the trial results, chi-square = 5.21 (P = 0.52); I 2 = 0%. Thus, fixed-effects model should be used for statistical analysis. Compared to conventional treatment, CHM paratherapy significantly improved UPDRS IV scores (WMD −0.51, 95% CI −0.83 to −0.20; Z = 3.61 (P < 0.05)), suggesting that CHM paratherapy could contribute to improving complications of treatment in patients with PD ( Table 7 ). The funnel plot was obviously asymmetric. There exists a publication bias in the 7 independent trials with mainly positive results ( Figure 5 ).
UPDRS I-IV Total Summed
Score. The 10 independent trials showed homogeneity in the trial results, chi-square = 4.25 (P = 0.89); I 2 = 0%. Thus, fixed-effects model should be used for statistical analysis. Compared to conventional treatment, CHM paratherapy significantly improved UPDRS I-IV total summed score (WMD −6.09, 95% CI −8.08 to −4.10; Z = 6.00 (P < 0.001)), suggesting that CHM paratherapy could contribute to improving symptoms of PD (Table 8 ). The funnel plot showed nearly complete symmetry. No publication bias was found in the 10 independent trials included ( Figure 6 ).
Adverse Effects.
Adverse effects were reported in 10 studies [17, 20, 22-24, 27-29, 32, 35] , but no mention of side effects in the other 9 trials was reported ( Table 9 ). There were no significant differences in the results of blood routine, urine routine, liver function, renal function, or electrocardiograph (ECG) in both groups of patients before and after treatment [20, 22, 28] . Diarrhea [27, 28] , constipation [20, 23, 29] , nausea and/or vomiting [17, 20, 23, 24, 29, 32] , dry mouth [17, 20] , and dizziness [17, 23, 24] were reported in CHM paratherapy group. Other adverse effects including arrhythmia [24] , epigastric pain [29] , sialorrhea, hypotension, insomnia, and depression [32] were reported. However, no life-threatening adverse effects were noted in these studies, and the side effects were less than or lighter than the conventional treatment group. 
Discussion
Summary of Evidence.
The main findings of this metaanalysis were that CHM adjuvant therapy could improve the clinical symptom severity scores for PD and has few adverse effects in comparison to WCM controls. The evidences of CHM paratherapy for PD are emerging and the evidences presented in this meta-analysis potentially benefit a clinical recommendation in spite of some methodological weaknesses. However, there was still not enough replicable evidence to conclude that any specific CHM therapy is effective for WD. The CHMs evaluated in this paper generally appeared to be safe and well tolerated in patients with PD. However, the safety for the use of CHMs could not be confirmed because only 47.37% (9/19) studies mentioned the safety of interventions or investigated adverse effects. It is recommended that more attention should be given to both recording and reporting the adverse effects of these interventions. 
Limitations.
There are a number of inherent and methodological limitations to this meta-analysis. First of all, none of included studies had been registered. In September 2004, the members of the International Committee of Medical Journal Editors (ICMJE) published a statement requiring that all clinical trials must be registered in order to be considered for publication [36] . Clinical trial registration will improve research transparency and will ultimately strengthen the validity and value of the scientific evidence base. Thus, the inherent limitation of this paper existed in the primary studies. One of the major limitations was the application of various kinds of CHMs add-on therapy used in different trials. They differ in composition, dosage preparation, and methods and manufacturing standards. It is difficult to assess the effect of a particular CHM by means of the evidence synthesis of studies.
There are many methodological weaknesses in this metaanalysis. (1) Randomization: all included studies claimed randomization. However, only 8/19 trials provided sufficient Test for overall effect: Z = 3.16 (P = 0.002) information on how the random allocation was generated such as from random-number table, calculator or computer random-number generator; 5/19 trials reported allocation concealment such as sealed envelopes or a telephone call to the research centre. The proper randomization in RCTs is necessary to avoid selection bias and confounding. Thus, an invalid method of randomization could have distorted our results. (2) Blinding: with exception of blinding (participants and care providers) in 4 trials, the other 15 studies were lack of any blinding method which can produce performance bias and detection bias. Blinding of the outcome assessor was only used in one study. Thus, assessment of outcomes was prone to significant systemic errors. (3) Analysis of data from RCTs: dropouts were only reported in 3 trials, and 1 trial of intention-to-treat analysis was mentioned. Therefore, the results generated from these studies should be interpreted with caution. control treatment versus WCM control treatment without a rigorous control for placebo effect. Thus, the results of these studies would be positive because of nonspecific placebo effects [37] . (5) Sample size: the included studies were of relatively small sample sizes in individual trials and without formal sample size calculation. Trials that lacked proper sample size estimation placed their statistical analysis's validity in doubt. The results were likely to be underpowered. (6) Heterogeneity: the imbalance in gender, ethnicity, and wide range in disease duration further compromised the validity of the included trials. Furthermore, outcome measures used in the trials were heterogeneous and incomplete. Thus, the results might have been compromised by the heterogeneity within each CHM intervention and by the study design. Another limitation was publication bias. Publication bias was assessed by visual inspection of funnel plots. There was bias with UPDRS III and IV score in CHM paratherapy plus conventional treatment compared to conventional treatment alone. In a total of 19 studies, results were all positive in CHM paratherapy group. Therefore, the validity of inferences that can be drawn is threatened.
Conclusions
6.1. Implications for Practice. This is the first meta-analysis of randomized, controlled trials to assess the efficacy and safety of CHM paratherapy in patients with PD. In our metaanalysis, patients receiving CHM adjunct therapy plus WCM exhibit significant improvement in their PD symptoms as evidenced by improvements in their UPDRS scores compared to WCM controls in spite of some methodological limitations. According to the safety assessment of this metaanalysis, the CHM add-on therapy for PD is generally safe
